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Abstract
Charged stable massive particles (SMPs) which are
predicted by theories beyond the Standard Model, may
be produced at the Large Hadron Collider (LHC) built
at CERN. Algorithms to trigger such particles with the
ATLAS detector at the LHC have been developed. Ac-
cording to studies with Monte Carlo samples, the algo-
rithms are expected to trigger such particles with high
eciency in the velocity region of  > 0:5.
1. Introduction
1.1. ATLAS Experiment at LHC
ATLAS [1] is a multi-purpose detector designed to
search for new physics at the LHC . The LHC is an ac-
celerator built at CERN. In early running period during
years 2009-2010, the LHC is expected to provide proton-
proton collisions at a center-of-mass energy of 7 TeV
with a typical luminosity of 1031 cm 2sec 1. The AT-
LAS detector will start observing proton-proton collision
in 2009-2010.
1.2. Stable Massive Particle (SMP)
Some theories beyond the standard model (e.g. Super
symmetry, Extra dimensions) predict the existence of
charged stable massive particles (SMPs) [2] that may
be produced at the LHC and behave as "slowly-moving
muons". If the velocity () and momentum (p) of a
particle are measured, it is possible to calculate its mass














, where c is the speed of light.
1.3. ATLAS Muon Spectrometer
The ATLAS muon spectrometer (MS) [1] is designed
to detect muons, to measure their momentum using the
toroidal magnetic eld and to issue muon triggers.
Monitored Drift Tube (MDT) measures muon hit po-
sitions (R; ) precisely. In the extreme forward region,
Cathode Strip Chamber (CSC) is used due to its higher
rate capability instead of MDT.
Resistive Plate Chamber (RPC) and Thin Gap Cham-
ber (TGC) measure muon hit positions (; ) and trans-
verse momentums (pT ) to issue LVL1 muon triggers.
The RPC and TGC cover the barrel region and the end-
cap region respectively. In addition, the RPC has good
time resolution (1:5nsec).
1.4. Muon and SMP Track Reconstruction
The ATLAS muon tracking software [3] uses measured
muon hit positions (R; ; ). A muon track reconstruc-
tion includes nding segments in each MDT station. Seg-
ments are created using drift time information with the
assumption of the traversing particle having  = 1:0.
Muon tracks are reconstructed by tting the segments.
On the other hand, a SMP travels slowly and the ar-
rival time at the MDT is later than that of a muon.
Therefore the drift radii of the MDT for the SMP track
are mis-measured. It is necessary to change the assump-
tion of  for SMP track reconstruction.
1.5. Muon and SMP Trigger
The ATLAS three level trigger system [1] reduces the
output event rate to about 200 Hz from an initial LHC
bunch-crossing rate of 40 MHz. The LVL1 trigger is
based on a hardware trigger with calorimeter and muon
information to reduce the event rate to 75 kHz. The
LVL2 trigger is a software trigger used to conrm and
rene LVL1 trigger decisions, reducing the event rate
to 2 kHz. The processing time of LVL2 is restricted
to be within 40 msec. Event Filter (EF) performs event
selection using more complex algorithms and reduces the
event rate to 200 Hz within 4 sec. The LVL2 trigger and
EF compose the High Level Trigger (HLT).
At LVL1, SMPs can be triggered as muon candidates,
however, they may be associated with the wrong bunch-
crossing for low  < 0:5 SMPs. At LVL2, time-of-ight
(TOF) information from the RPC is also available to
disentangle SMPs.
At the EF, TrigMuonEF and TrigMuGirl are algo-
rithms which perform muon identication and measure-
ment. In each EF algorithm, a new algorithm which
measures SMP  has been developed and implemented.
2. SMP Trigger based on TrigMuonEF
2.1. TrigMuonEF and MuonBetaRetTool
TrigMuonEF performs using hits in the MS only. It
uses LVL1 trigger information from the RPC/TGC. So,
it is impossible to reconstruct a track with  < 0:5 be-
cause the RPC/TGC are not able to correctly associate
LVL1 triggers with bunch-crossings.
MuonBetaRetTool measures  and momentum of
SMP candidates reconstructed by TrigMuonEF. Firstly,
this tool compares reduced 2 of the track reconstructed
by TrigMuonEF ( = 1) and that of a track retted
with an assumed  of 0:95 and selects tracks satisfying
the following condition to reduce muon background:
reduced 2( = 0:95)  reduced 2( = 1:0) < 0: (2)
Then, MuonBetaRetTool rets the track of the SMP
candidate changing  from 0.5 to 1.0 in 0.1 steps, and
the  value that minimizes reduced 2 is found using a
parabolic function.
2.2. Performance of SMP trigger with TrigMuonEF
A Monte Carlo sample of the Gauge mediated SUSY
breaking model, simulating events with two stable mas-
sive sleptons was used to study the performance of the
SMP trigger.
MuonBetaRetTool can measure the  of SMPs (slep-
tons) with 2  5% accuracy (Figure 1.). Table 1. shows


























Fig. 1. Mean shift and resolution
of the  reconstruction by Trig-






(=K, W , t, b, c)
at a luminosity of
1031 cm 2sec 1. The
fake rate is negligible
compared to the
EF rate of 200 Hz
at pT > 20 GeV.
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2Table 2. shows the processing time of TrigMuonEF
including the  measurement with MuonBetaRetTool
using muons in a tt sample. A reasonable processing
time has been achieved.
pT  10 GeV  20 GeV  40 GeV
generation 21:8 Hz 1; 330 mHz 55:4 mHz
(rec) < 0:95 2:0 Hz 106 mHz 4:4 mHz
Table 1. Muon Background Rate at L = 1031 cm 2sec 1.
mean rms
total time 193:6 msec 336:2 msec
track reconstruction 110:7 msec 300:5 msec
 measurement 82:6 msec 66:4 msec
Table 2. Processing time of SMP trigger with TrigMuonEF
(CPU: Intel Xeon 5160 3.0 GHz).































Fig. 2. SMP trigger eciency of




with respect to the
LVL1 muon trigger.
Trigger eciency is
dened as the num-
ber of tracks with
the reconstructed
 matching its true
SMP over the num-




with MuonBetaRetTool is 80  90% in  = 0:55  0:9.
3. SMP Trigger based on TrigMuGirl
TrigMuGirl extrapolates inner tracking detector (ID)
tracks to the MS, looks for hits in the MS and creates
segments using these hits. Finally, it performs a com-
bined t using the ID track and MS segments to identify
the muon track. The SMP processing follows the search
for muon hits and segments by TrigMuGirl. In addition,
if there is a LVL2 muon feature in the MS without a
matching ID track (Charge-ip R-Hadrons [2] ), Trig-
MuGirl starts from the LVL2 muon data.
3.1. SMP trigger ow in TrigMuGirl with StauTool
At the LVL2 trigger, SMP candidates are selected with
pT > 40 GeV,  < 0:97, M > 40 GeV using the TOF
measured by the RPC.
In TrigMuGirl,  measurements of SMP candidates
are performed by nding the 2 minimum of segment in
the MS using StauTool. StauTool rstly selects a  range
for the minimization process. It creates segments using
the muon hits associated with the ID track incrementing
 between 0.2 to 1.2 in 0.1 steps and selects the  range
where the MDT segment maker uses the same segments
as the hits. In addition, the  range is restricted to an
area close to the RPC 2 minimum in the barrel region.
Secondly, StauTool nds the  where the muon seg-
ment 2 is minimized in the selected  range using the
golden section method. The 2 calculation varies in dif-
ferent detector regions. In the barrel region, it minimizes
the combined 2 of the MDT segments together with the
RPC time measurements. On the other hand, in the end-
cap region, it minimizes the 2 of the MDT segments.
Subsequently, StauTool rets ID track and hits in the
MS using the estimated  and selects SMP candidates
which have pT > 20 GeV,  < 0:97 and M > 40 GeV.
cc! X 2:4 mHz t! b < 0:1 mHz
bb! X 1:6 mHz Z !  < 0:1 mHz
W !  0:4 mHz total 4:6 mHz
Table 3. Muon background rate at L = 1031cm 2sec 1.
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Fig. 3. The correlation between true  and reconstructed  from
~1 withM = 102 GeV (Left) and withM = 150 GeV (Right).
mean rms
total time 39:9 msec 22:8 msec
LVL2 SMP selection 3:9 msec 0:5 msec
Muon reconstruction at EF 124:3 msec 74:9 msec
StauTool at EF 138:2 msec 87:5 msec
Table 4. Processing time of SMP trigger with TrigMuGirl which
is measured with muons of tt sample (CPU: Intel Pentium4
3.0 GHz).
3.2. Performance of SMP trigger with TrigMuGirl
A good correlation between the reconstructed  and
true  is achieved, except for the very low  region of
  0:5 due to energy loss in the calorimeter (Figure.
3.). Table 3. shows the estimate of muon background
from the Standard Model processes. The background
comes almost entirely from low pT muons. SMP trigger
with TrigMuGirl has achieved very reasonable processing
time (Table 4.). Figure 4. shows the trigger eciency
for stable massive ~1 with M = 110 GeV in the LVL1
muon trigger. The trigger eciency with TrigMuGirl
StauTool is about 90% in  = 0:5  0:9. The eciency
drop at  = 0:95 is due to the selection cut of  = 0:95.
Fig. 4. SMP trigger eciency of Trig-












(80  90%) in the
region of  > 0:5
in a reasonable processing time. Muon background is
negligible at a luminosity of 1031 cm 2sec 1.
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